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Project Objectives and Targets

* Objectives
— Validate “System” Solutions for H, Transportation
— ldentify Current Status of Technology and its Evolution
— Re-Focus H2 Research and Development
— Support Industry Commercialization Decision by 2015

Key Targets

Performance Measure 2009* 2015**
Fuel Cell Stack Durability | 2000 hours | 5000 hours

Vehicle Range 250+ miles | 300+ miles

Hydrogen Cost at Station | $3.00/gge | $1.50/gge

* To verify progress toward 2015 targets
** Subsequent projects to validate 2015 targets

Hydrogen and gasoline station, WA DC
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Project Overview
Tech. Val. Barriers

Timeline A. Vehicles — lack of controlled & on-
_ road H2 vehicle data
* Project start: FY03 B. Storage — not yet providing necessary
 Projectend: FY09 300+ mile range
- ~15% complete (see timeline C. Hydrogen Refueling Infrastructure
slide) — cost and availability

D. Maintenance and Training Facilities
— lack of facilities and trained

Budget personnel

E. Codes and Standards — lack of

. adoption/validation
NREL FY04 funding: $630K H. Hydrogen Production from

NREL FYO05 fundina: $750K Renewables — need for cost,
J it durability, efficiency data for vehicular

Context: Overall DOE project is application
$190M project over 5 years |. H2 and Electricity Co-Production —
_ _ cost and durability
— Equal investment by industry

Partners
« See partner slide
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Project Timeline

7/02 -5/04  4/04 —9/04 10/04 — 9/09

Phase || Phase I m

=>

2 3 45 6ﬁ7 89

5/05 NREL Quarterly Valldatlon Assessment Reports ——*

Phase | — Project Preparation
1 Support Development of RFP, Statement of Objectives (Appendix C)
2 Bidder’'s meeting in Detroit — launch of RFP
3 Create data analysis plan and presentation for discussion with industry

Phase Il — Project Launch
4 Announcement of successful bidders (timing TBD)
5 Kick-off meetings and cooperative agreement awards
6 Preliminary data collection, analysis, and first quarterly assessment report
Phase lll - Data Analysis and Feedback to R&D activities (partial list)
7 Demonstrate FCVs that achieve 50% higher fuel economy than gasoline vehicles
8 Validate demonstration FCV range of ~200 miles, 1000 hour durability
9 Go/No-Go: Decision for purchase of additional vehicles based on perf., durability, cost
10 Validation on a vehicle 2.0 kWh/kg, 1.2 kWh/L compressed gas tank

11 Validate FCVs with 250-mile range, 2,000 hour durability, and $3.00/gge (based on
volume production)
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Industry Partners
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Teams Will Field
Four Main* Types of Vehicles

gy Laboratory




Sample Hydrogen Refueling Infrastructure:
Rollout of Stations Began this Year

- : DTE/BP Power Park,
g Southfield, MI
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Project Approach

* Provide facility and staff for securing and

analyzing industry sensitive data ﬂ\o)
— NREL Hydrogen Secure Data Center (HSDC)

* Perform analysis and simulation using detailed
data in HSDC to:

— Evaluate current status and progress toward DOE — &
vehicle and infrastructure targets &L

— Feedback current technical challenges and \ 4
opportunities into DOE H2 R&D program >

— Provide analytical feedback to originating companies
on their own data

« Publish/present progress of project to public and
stakeholders (composite data products)
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Approach: Data Collection Overview

Key Vehicle Data Key Infrastructure Data
Stack Durability Conversion Method

Fuel Economy (Dyno & On-Road)

and Vehicle Range Production Emissions

Fuel Cell System Efficiency Maintenance, Safety Events
Maintenance, Safety Events Hydrogen Purity/Impurities
Top Speed, Accel., Grade Refueling Events, Rates
Max Pwr & Time at 40C H, Production Cost
Freeze Start Ability (Time, Energy)
Continuous Voltage and Current Conversion, Compression,
(or Power) from Fuel Cell Stack, Storage and Dispensing
Motor/Generator, Battery & Key Efficiency

Auxiliaries: (Dyno & On-Road)
Q}HEI. National Renewable Energy Laboratory
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Approach: Overview of
Data Collection & Analysis Process

Hydrogen Secure Data Composite Data

Center (HSDC) Products
{ « @ NREL: Strictly + Pre-Agreed
: Controlled Access Upon Aggregate
: : Data Products
Raw Data, : . Detailed Analyses, :
Reports : Data Products, * No Confidential
- : Internal Reports = Information
: + HSDC ADVISOR |
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http://www.barrysclipart.com/barrysclipart.com/showphoto.php?photo=24290&papass=&sort=1&thecat=174

Accomplishments: Creation/Agreement of 6 Excel
Data Templates for Vehicles and Infrastructure

A E 2 D F F

On-Road Fuel Economy Table L

Data since the inception of the program, all vehicles
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G H | J -
Vehicle Example
Eootnoles
(1) May be collected manualy (via driy
Crata Acquisshon Systam)

L Gl lnfrastructure Example

Vehicle Model:| Wolverine X7
Location of Operation:| San Diego. CA4
FC Powerplant Modsl;| Gen |
4 | \ehicle # |cvamnis
Flll-up |Odometer at
10 Date  |Number| Fill (miles) | kg H2 filled | miles/kg H2 Comments /"
1 17172001 1 150 25 60,0
12 5200 2 ] 687
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28 18 . 625
Feniaced FO T

Tabs cover multiple data sets
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Accomplishments: Developed and Obtained
Agreement on 25 Sample Composite Data Products

A, Critical Progran Meircs:

1. Fuel Cell Dnarability, Actual ws, DOE Targets, ALLOEM s
2. Weliels Ranges, Actual v DIOE Targets, ANCOEM s
3. H2Production Cost, dohnalsProjections ws. DOE Targets

B. Compostie Performance Tracking:
Fehicks

Eelishality (FC Systern & Ponrerbrin, MTEF)
Start Times vs. DOE Target

Fuel Econorye: D, On-Foad

Honnalmed Vehicle Fusl Econony

Fuel Cell System Effviency

. safety Inmderts - Vehicle Oparation

10, Weight %% Hydwzen

11. Mass of Hydwogen per Liter

Sl sl g [ e

6000

5000

4000

3000

2000

1000

Durability (Operating Hours)

0

Fuel Cell Durability
Actual vs. DOE Targets

All OEM's, All Fuel Cell Stacks

2000

Median E I

90%

Interval

Prediction

2014

¢ Target|

12. Vehirle Hydiogen Tark Cyele Life

Hydro gen Bfrasbucture

13. H2 Production Efficiency vs. Prooess

14, Combmed Heat and Porprey (CHEP) Efficiercies

15 H2 Production Cost vs. Process

16 H2 Punty vs. Production Process

17. Hydiogen Inpurtties - Eange for Production Process 4

12, Histogram: Fefielmz Fate

19, Averaze Mantenance Hons - Scheduled and TTnscheduled

C. High Level Program Pogress:
Vehicks

20. Eange of Actnal Arbist Tenperatures Thring Velucle
Operation — A11 Vehicle Tearns

21, Histogram: # Vehicles vs. Operting Hoursto Date

22 Histogram: # Vehicles ws. Mliles Traveled to Diate

23, Cunmlatnee Vehicle Miks Traveled - A1 Teams

24, Progiession of Lowr to High Pressare Onboard H2 Stowage

Hydro gen Bfrasbucture

25 Cunmlatore Hydrogen Producton — A1l Teams

mi/gge

70

Fuel Economy
All OEM's

=

Range (miles)

Vehicle Range m
Actual Ranges vs. DOE Targets
All OEM's

real daf2

350

300 -

| pot

200 -

250

150 -

100 \ \ \ \ \ \
2002 2004 2006 2008 2010 2012 2014 2016

. Actual yeTarget

(1) Calculated from dyno results and useable fuel on board

Max
Median
Min

60
50 4

40
30 4
20 4

10

Dyno m On-Road @

(1) One data point for each make/model
(2) One data point for the on-road fleet
average of each make/model

H

Max
Median
Min

Progression of Low to High Pressure On-board H2 Storage

120

100 +
80 -
60 -
40 -
20 -

# of Vehicles (all Teams)

0,

'05 Q1
'05 Q2
'05 Q3
'05 Q4
'06 Q1
'06 Q2
'06 Q3
'06 Q4
'07 Q1
'07 Q2
'07 Q3
'07 Q4

| m5000 psitanks 10000 psi tanks |
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Accomplishments: Established Hydrogen
Secure Data Center at NREL

: &
= 1

Two computer workstations

* Protects all raw data and our
analysis results
e Only things that leave room:
— composite data results
— trend feedback into R&D

— Analysis back to originating
company

Server, workstation,
tape backup and UPS

CD/DVD
shredder

Motion sensors Audible alarm

PIN reader - paper shredder
badge scanner _ 13
1350 Ib. safe for backups E}"EL piecons fensysbie Snergy LDty




Accomplishments:
Industry Partners on

Obtained Agreement with
Data Handling and Security

Hydrogen Secure Data Center:

Procedures to Protect Technical Data Submitted Under
the Conirolled Hydrogen Fleet and Infrasiruc ture
Demonstration and Validation Project
MNREL
02-15-2005

Chutline

A. Physical Boom Security

B. Delivery of Data to Boom

C. Products to Leave Room for Possihle Publication
D. Activities Within Room

E WREL Security Responsibilities

A. Physical Room Security
+ Restricted access:

o Access to the WEEL Hydrogen Secure Data Center (H3DC) is limited to s list of
people that willbe maintained by the MREEL Technology Validation Task Leader.
The List incIndes the following mdoriduals (referred to as “authorized
indfviduals™) :

* Steve Chalk (DOE HOQ, DC)
*  Josnn Milliken (DOE HO, DC)
' Sigrund Gronich (DOE HQ, DC)
*  Domg Hooker (DOE Golden Field Office, CO0)
Keith Wipke (NREEL, CO) [NREL Technology Validation Task Leader]
*  Cory Welch (MEEL, CC)

0 The authorized indviduals from NEEL and the Golden Field Office will have
direct badge access to the room while the authorized indreiduals from DOE HOQ in
D2 will need 2 host to obtain entry (one of the WEEL or Golden Field Office
authorized indreiduals) and be escorted during their tirne in the HSDC . They will
marmally sign in and out on a log sheet.

o MEEL Security will have ernergency security access, and perform weebly alam
checks to werifi proper operation of the electronic access control.

o Authorized ind rriduals will be trained on the sensittity of the data and sign
confidentialityfmon-diselosure agreements.

¢ Bpproval procedure for addingfremoving people on list:

o The list of authorized indrriduals will be maintained by the MREEL Technology
WValidation Task Leader. NEEL Security will maintain the electronic access
contral, which is centrally controlled from NEEL s Site Entrance Building. The
building iz staffed 24 hours 2 day. NBEL Security has authority owver all physieal
and electronic keys for the laboratory, including the H3DC.

o HEEL may recommend to DOE the addition of WREL staff at a later date if it is
deemed necessary to assist n tire Ly data processingfanalwsis. &y additio nal
staff added to the lst willbe held to the same requivements of corfidentiality (and
thiz document) as everyhodsy else on the list.

o Indniduals other than DOE or MEEL staff will not be approved as authorized
indriduals without prior approval from the participants.

Page 1 of 7

« NREL Created 7-Page
Security Document

Major Section Headings:
A. Physical Room Security
B. Delivery of Data to Room

C. Products to Leave Room for
Possible Publication

D. Activities Within Room

NREL Security
Responsibilities

m
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Accomplishments: Automated Analysis Created for
Analyzing Stack Current/Voltage Degradation

400 Vpred = 427.9 - 15.78*log(current) - 0.3370*current
= 350 10.0 hours of data per curve fit - Actual
> i . .« | — CurveFit
~ 12000 dat t fit
o ala points percurve it - -95%Cl:Observation
g o
= 300" -
;: -~ 95%Cl:CurveFit

.\.\o \ -
250 Time(oper hrs) = 356 e
! \ ! ! ! LY
0 50 100 150 200 250 300 pata
Current (A) NOt Real

3
‘%) 350%ccce0v00 000, 00000e00°°°,0°%00000 ° ° @Current=50A
% ::..............Q......OO..O....... ° @Current=100A
z 300..:'::.:.0."'"0.....000..0......o e @Current = 150A
3 * @Current = 200A
g 250 00000000...00....+ ° @Current=250A
0. |

50 100 150 200 250 300 350
Operating Time (hrs)



Accomplishments: Automated Analysis Created for
Analyzing Stack Current/Voltage Degradation (cont.)
Predicted (Curve Fit) Voltage vs. Time

400 | | ‘ | ‘
10.0 hours of data per Voltage Prediction
2 12000 data points per Voltage Prediction
% 350: . : —
. “—‘*’—07.77.—.—.77.ﬁ**.—.—‘**.—lf’—.—'ffb—ﬁfft—.—.ff,—dfft#*‘—.—'**ﬁ**g
i 300“’—.ﬁ..—..”’—..N.atlmawat-a—cﬁ-n-ﬁ.gﬁ, .. ®
= I e e i R
LL v oo T e R e e P |
e 250 e
é V@xA=VO + m(op.hrs - op.hrso) 95%CI: "m" stat sig?
g 200 V@ 50A = 349 -0.00* (op.hrs - 5.0) -0.01 to 0.00 no |
° V@100A = 326 -0.02* (op.hrs - 5.0) -0.02 to -0.01 yes
§ V@150A = 308 -0.03* (op.hrs - 5.0) -0.04 to -0.03 yes
& 150 V@200A =291 -0.05" (op.hrs - 5.0) -0.05 to -0.04 yes |
V@250A = 275 -0.06* (op.hrs - 5.0) -0.07 to -0.06 yes

50 100 150 200 250 300 350
Operating Time (hrs)



Analyzing Shape of Polarization Curve Changes May
Lead to Understanding of Modes of FC Degradation

Voltage (V)

Various Fuel Cell Polarization Curve Changes

450

\ Baseline Overall Drop
400 -

Slope Change
350 - > Mass Transport
I Appearance
300 - R "
by
250 N no"ealdata i~~~
200 | | |
0 100 200 300
Current (A)

&
g -
'..} MY=L national Renewable Energy Laboratory
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Accomplishments: Initial Data Used to Begin
Validation of HSDC ADVISOR in Data Room

A
e
Q
-
QO L 4
Q e ‘
oy Y | .
(- . .'
S &
aa .
L > &
4
4
% Net POWGI’ g ADVISOR vs. Actual Fuel Economy
! ] (Dummy data)
Vehicle, Power Plant Parameter Summary o 80
Include parameters for each vehicle and power plant : N 60 -
Report Date insert report date : 2 40 ﬁ\_/’\. ADVISOR
Automaker insert automaker : é 20 - Actual
Parameter Units K 1 T~
veh_cD" dimensionless | @ 05l 0 T 2 3 4
veh_FA " m2
= Cycle Number
Vehicle Mass ") kg ;: 0 ! data
veh_front_wt_frac " dimensionless z l | l | ‘ | ' ' l
veh_cg_height " m g 0er
veh_wheelbase " m il
Fuel Cell System
c. Power Rating (net) kW P . . . . : :
Propulsion Battery or Capacitor 0 200 400 GO0 800 1000 1200 1400
c. Maximum Rated Ampere-
Hour Capacity Ampere*hrs
Electric Propulsion Motor . 18
b. Peak Power Rating kW ':.:‘H?E'_ National Renewable Energy Laboratory




Accomplishments: Completion of 1st Quarterly
Technology Validation Assessment Report

Table of Contents
, 1 VEHICLE VALIDATION .. s s s 4
February 2005 <+ NRELU/Report Number
1.1  FINDINGS AND BECOMMENDATIONS ...oooviiiececercsee s aseesessess e sssesessessseresseseonie 4
11,1 ADVISOR Modeling 4
112 Fuel Cell Stack Degradafion Analysis 4
1.2 PERFORMANCE ..o et se e cesss e assss s e s es e sne e s 4
121 High Level Program Summar 4
. 122 Detailed Technical Target Status ]
egi DOE’s Controlled Hydrogen 123 Composite Data Products 5
24 Safery Su 7
Fleet and Infrastructure L gty Summary p

9 Demonstration Program: 131 Parmer Data Reporting 5

&I i H 1.3.2  Analysis Methodology 7

a Quarterly Validation 133 Interactions with Other Organizations and Partners 14

Assessment (4Q 2004) 1.34  Areas of Focus for Next Assessment 14

: ) ] I INFRASTRUCTURE VALIDATION ..ccviommmmmmmss s 15

Milestone Completion Report 21  FIDINGS AND BECOMMENDATIONS ...oooreieceeceecs e ssseseosess e sesessessseressenos 15
%g 2.2 PERFORMANCE. ..o seecessseass s oo es oo en e seon 15
221 High Level Program Summar 13

S Cony, Welch 222 Detailed Technical Targer Status 13

@ National Renewable Energy Laboratory 223 Composite Data Products 15
fg Golden, CO 224 Safety Summar) 16

i 23 PROCEST oot e e e e e 16
Keith Wipke % - -

Q) National Renewable Energy Laboratory < : L et Data Reporting e
&7,__ Golden. CO 232 Analysiz Methodoelogy 16
= 233 Inmteractions with Other Organizations and Partners 17
§ 234 Areas of Focus for Next Assessment I7

* Proprietary version of Quarterly Reports
'*N'\' may not be removed from the room
Yog ko S St ibrmy
swarsion oo « Non-proprietary (composite data)
Crpwrated for the U, epartment of Energy
T S e versions may also be created
Contract No. DE-ACI2-95-G0 10337
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Interactions and Collaborations

Participated in project kick-off meetings with
all 4 industry teams ===

Participated in detailed discussions with
iIndustry to reach agreement on data
reporting templates and data handling

Performed industry site visits to review
vehicle dynamometer test facilities and test
procedures

Analyzed data from one team and provided
analysis results back to originating OEM

Interacted with relevant codes and standards
teams

Participated in CA H2 infrastructure planning
teams
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Responses to Previous Year
Reviewers’ Comments

* Q: “Is GIS assessment critical at this time given funding constraints?”

— The GIS work has been completed and transitioned to cross-cut analysis
activity (see poster TVP14 for details)

* Q: “Editorial and interpretive techniques used behind firewalls unclear
and seemingly subjective.” and “Tech transfer process is well thought
out but more detail on how data is handled would be interesting.”

— Hydrogen Secure Data Center (HSDC) opened and 6-page data
handling/security procedures document finalized

— Presented 2 papers at NHA and EVS-21 to discuss examples of specific
analytical techniques that will be employed

— Developed clear composite data products examples (25) to articulate public
outputs from project

«  Q: “Will reporting of composite data only dilute value to rest of
community of the largest of all the H2/FC projects?”
— After considering all options, we found this was the best solution to:
» Protect industry partners’ intellectual property (IP)
* Allow NREL to perform valuable analysis on raw data for DOE
* Provide a public outlet for progress of the project

21
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Future Work

« Remainder of FY05

— Complete auto OEM site visits and reviews of vehicle test
facilities and procedures

— Obtain initial vehicle and infrastructure data sets from all
teams in project for the HSDC

— Perform analysis on data and validate models
— Compare results to DOE targets

— Prepare composite data products and write quarterly
Validation Assessment Reports

 FY06 and beyond:

— Annually compare technical progress to program objectives

— Actively feed findings from project back into HFCIT program
R&D activities (ensure it is a “learning demonstration™)

— Provide public outputs to report on technology and project
progress

22
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Project Safety

« Safety an important part of Controlled Fleet &
Infrastructure project Cooperative Agreements.

— NREL's role in this project is analytical, so typical office
environment safety measures are being followed.

— Industry partners have responsibility for ensuring the safety
of their hydrogen vehicles and refueling infrastructure.
 Industry is including the following aspects in each of
their projects:
— Failure Modes and Effects Analysis (FMEA) on the project
— Safety assessment
— Risk Mitigation Plan
— Measuring and monitoring safety performance
— Communication Plan, including reportable accidents,
management response, and independent reviews
 All projects are using “Guidance for Safety Aspects of
Hydrogen Projects” for reference

23
{:E'HEL National Renewable Eneray Laboratary
r—— e




Publications and Presentations

Gronich, S., Garbak, J., Wipke, K., Welch, C., “Controlled Hydrogen Fleet and Infrastructure
Demonstration and Validation Project,” 2004 Fuel Cell Seminar, San Antonio, TX, November 2004.
(presentation only)

Welch, C., “Composite Data Products for the Controlled Hydrogen Fleet and Infrastructure
Demonstration and Validation Project,” November 2004. (NREL document)

Welch, C., Wipke, K., “DOE’s Controlled Hydrogen Fleet and Infrastructure Demonstration and
Validation Project: Quarterly Validation Assessment (4Q 2004), February 2005. (publication only)

Wipke, K., “Hydrogen Secure Data Center: Procedures to Protect Technical Data Submitted Under the
Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project,” February 2005.
(NREL document)

Welch, C., Wipke, K., Gronich, S., Garbak, S., “Hydrogen Fleet & Infrastructure Demonstration and
Validation Project: Data Analysis Overview,” NHA Annual Hydrogen Meeting and Exposition,
Washington, DC, March 2005. (paper and presentation)

Wipke, K., Welch, C., Gronich, S., Garbak, J., Hooker, D., “Introduction to the U.S. Department of
Energy’s Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project,” The 21st
Worldwide Battery, Hybrid and Fuel Cell Electric Vehicle Symposium and Exhibition, Monaco, April
2005. (paper and presentation)

Welch, C., “Data Templates for Controlled Hydrogen Fleet and Infrastructure Demonstration and
Validation Project” April 2005. (6 NREL Excel spreadsheets)
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